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(71) We, GIRLING LIMITED a 
British Company of Kings Road, Tyseley, 
Birmingham 11, do hereby declare this 
invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be par- 
ticularly described in and by the foUowing 
statement: — 
This invention relates to vehicle 

10 suspension units and to suspension systems 
incorporating such units. 

Previously proposed suspension units 
comprise a damping piston slidable in a 
cylinder and having a piston rod extending 

15 sealinely through one end of the cylinder. 
The piston works in a lower chamber filled 
with liquid and being separated from an 
upper chamber having a fixed mass of gas by 
a separating member. A further piston is 

20 movable within the cylinder to vary the 
pressure within the unit and thus the force 
acting on the damping piston. 

In use the suspension unit is connected 
between the sprung and unsprung parts of 

25 the vehicle so that the variation in pressure 
of the liquid in the chamber varies the 
normal relative positions of the piston and 
cylinder and thus the "height" of the unit to 
compensate for, example, for changes in 

30 vehicle loading. 

The piston rod of such a suspension unit 
has to withstand large end loads and con- 
sequently has a substantial cross-sectional 
area, with the result that it displaces a 

35 considerable amount of fluid during a 
compression stroke. 

In a particular previously proposed unit, 
the separator member is a free piston 
slidable in the cylinder. Because of the large 

40 displacement of fluid by the piston rod the 
separator piston has to travel at a substantial 
speed over a relatively large distance to 
accommodate normal suspension, 
movement. This causes severe wear and 

45 sealing problems. 

Furthermore, the separator piston has to 
satisfy the requirements of being easily 



movable to overcome any problems of 
hysteresis and of having a gas-tight seal. 
These two requirements are very difficult to 50 
achieve for the large diameter separator 
pistons. 

The aim of the present invention is to 
obviate the above-mentioned problems. 

In accordance with one aspect of the 55 
present invention there is provided a 
suspension system for a vehicle comprising a 
piston and cylinder, unit for connection 
between the sprung and unsprung parts of 
the vehicle, a first pressure space within the 60 
unit in which the piston works, a second 
pressure space separated from the first 
space by a partition wall, the first space 
containing a mixture of gas and liquid and 
the second space containing liquid, and 65 
adjusting means for adjusting the pressure 
in the spaces. 

In accordance with another aspect of the 
invention, there is provided a suspension 
unit comprising a cylinder, a pressure space 70 
within the cylinder filled with a mixture of 
fixed masses of gas and liquid, said pressure 
space having a selectively movable end wall, 
a damping piston working in the pressure 
space and having a piston rod extending 75 
sealingly through one end of the cylinder 
and means for selectively varying the 
position of the end wall to adjust the 
pressure in the pressure space. 

A suspension system in accordance with 80 
the invention and a modification thereof will 
now be described, by way of example, with 
reference to the accompanying drawings, in 
which 

Figure 1 is an elevational view of the 85 
suspension system, partly in section, and 

Figure 2 is a cross-sectional view of a 
modified suspension unit for use in the 
system of Figure 1. 

The suspension system is particularly 90 
suitable for use with motor cycles and 
comprises a pair of piston and cylinder 
suspension units 1 . Two units are located, in 
use, one on each side of the motor cycle, 



«nr ( ;i,J init J being c °nnected between the 

E cycle. Each unit 1 is connected by common 
SSL 2 t0 311 accumulat " or rese^ok 3 
mSi a P re .ssurising piston 5 arially 
movable therein. A mechanical prewar^ 
a, d ^ comprises a screwed rod^ 
threaded through a fixed end can 7 of the 
reservoir 3 and having at its outer en J l » 
10 hand wheel 6A. The i/neVend of toe r^o ? 
engages the piston 5 so that the pistol 5 fa 
manually movable by the rod 6. A possible 
variation would allow the piston 5 to it 

15 loSg aUt0,natiCally m ^ to vehidl 

nrSff errin ^ !? F L gure 1- each «"it 1 com- 
sHdkbl. ?f nde - 8 ^ fa ^lingTy 

Ini m a dam P m g P»ston 9 having a piston 

20 ^thJ^-^S^^y^ghonVend 
20 of the cylmder. The piston 9 works in a 
chamber 11 which forms a first ures^e 
space and which contains a d'sp^kn? of gS 
and a liquid, such as oU. Movement of me 

flui5?ron?J ^ " stric ting the flow of to? 
bTi™ °- ne u, ,de of P* 100 to the other 
by any suitable means which may for 

cSiV. e t vaivin « «~r^y , or . 

coLtitut^ hJ 11 1138 a m ? vable end ^ 
, 'Sg^ 

P' ston K 12 separates the cliamber 11 from ! 
chamber 13 between piston 5 and piston^ 
35 the chamber 13 forming a secon/nrSure 
space and containing oily Squid. F 

In use, rotation of the screw rod 6 varies 
toe pressure of the liquid in the chamber 13 
40 f d ' tiU0 ^ 11 separating piston the 
40 pressure in the chamber fl. Thus toe 
pressure force acting on the dampfag LtoS 

, 5 cyHndert * Ve poauom of * e ^on 9 and 
45 ~ Va ^f tions . in me Pressure acting on the 

S Sato^ ^ ** Active heigh, 
or length of the unit 1 under constant load 
conditions or to keep the effective heS 
50 afttonT UDder diHe ' ent steady tad^ 
Since toe compressible gas is mixed with 

iSkd *° £ am T 11 and & e c^oS 13 fa 
r!r 7'* substantially incompressible 
hydraulic fluid, the movable end wd? 12 
55 moves substantially only when aaj„?tae D t 

ST JS^S™ 1 Wement of the piston seal 
14 and the cylinder 8 is minimal. 

60 • ^' Umt I , llustrated in Figure 2 is generally 

SSL? ° f »• S de- 

ference being that the movable end wall of 
chamber 11 , s in toe form of a diaphmZ 15 

cvnnW 6 ^ WWch * held "etwee? toe 
65 Jit 3 - and an end closure 16. The unit 
" operates in a manner similar to that 
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illustrated in Figure 1 
thI^^o°i ^Pnragm 15 instead of 
s^ P about fc man y ^vantages; that toe 
seal about the diaphragm periphery is 

supenorto ashdmgVMseUtoa7toe 7 n 

SvTo 7 d res p° nds »S 

to changes of pressure in the 
chamber 13; and that the diaphraam 5 
cheaper than toe equivalent piston . sL£ 
the diaphragm is moved only when thereTI -7, 
^J^al change in vehicle loaoing^te Sse* 75 

S^nH V ^ y .i nfrequent for some B veS 
K ?£jr a sliding piston 

seat may seize or be damaged when ir i« 
brought into use, whereas to! diaphSgm i 80 

each of the above-described units to! end 
n^Lt 68 not . move substantially during 

toe : u?it? /ft** ^ conduits connecting «5 
toe units 1 to toe reservoir 3 are obviateT 
The system can be assembled as a comS 
sub-assembly in a factory, the coSect 

sssffssr being inloduced 

Many variations are possible within the 90 

3 e ,° f ,5l inVeiltion - F ° r exanlpte, toe e^d 
wall could be moved by means other than 

toe end waU could be varied by any suitable 
~v * ' ^ "ample, a movable end Sure 
which could take the form of a cap screwed 

So %l CY ^r% 8 ° r 3 P lu 8 whic h screws 

0 T the . cyitoder. Another possible inn 
modtocation is the inclusion of a snrina 
witom the cylinder to assist in the Kg 
action of the unit. »pnng 
Although the fluid within the chamber 11 
of each suspension unit has been described 105 

above as a dispersion of gas in oil it wm he 
appreciated that when to! unit S not kusl 
toegas and oil may separate. 

h*v?%.« ri escribed suspension units 
whT^h h^ Ct ^r^ges over known units 110 
wheh have a hquid chamber and a gas 

eiam^/ Separate - d ^ a free ^ston For 
example, separating piston friction and 
inertia are elimmated and there is a con- 

^L costs ^ nsdaGto ^^ H5 

de£„t^^ 

veScLft 8 ' U " S f Fable fo -sf oTotoe? 
venicles, for example a wheel chair. 120 * 



WHAT WE CLAIM IS: — 
1* A suspension system for a vehicle 

ST g a u piston and cylinder unit for 
connection between toe sprung and un- 
sprung parts of toe vehicle, a firft pressure OS 

wS 7S ^ ^ 511 which *?3S 125 

fro™ ti,! « C( ; 0nd P^nre space separated, 
from the first space by a partition Wall, the 
first space containing a mixture of gas and 
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liquid and the second space containing 
liquid, and adjusting means for adjusting the 
pressure in the spaces. 

2. A suspension system according to claim 
5 1, wherein the adjusting means comprises 

mechanically operable means for selectively 
moving an end wall of the second pressure 
space. 

3. A suspension system according to claim 
10 1 or 2, further comprising a reservoir body 

which contains part of the second pressure 
space. 

4. A suspension system according to claim 
3, as appendant to claim 2, wherein said end 

15 wall is a piston sealingly slidable in the 
reservoir body. 

5. A suspension system according to any 
of claims 1 to 4, wherein the partition wall is 
a free piston sealingly slidable in the 

20 cylinder. 

6. A suspension system according to any 
of claims 1 to 4, wherein the partition wall is 
a diaphragm sealingly secured at its 
periphery to the cylinder. 

25 7. A suspension system according to claim 
6, wherein the periphery of the diaphragm is 



secured between the cylinder and an end 
closure of the cylinder. 

8. A suspension system for a vehicle 
constructed and arranged substantially as 30 
herein described with reference to Figure 1 

of the accompanying drawings. 

9. A suspension system for a vehicle 
constructed and arranged substantially as 
herein described with reference to Figure 2 35 
of the accompanying drawings. 

10. A suspension unit comprising a 
cylinder, a pressure space within the 
cylinder filled with a mixture of fixed masses 

of gas and liquid, said pressure space having 40 
a selectively movable end wall, a damping 

Eiston working in the pressure space and 
aving a piston rod extending sealingly 
through one end of the cylinder, and means 
for selectively varying the position of the 45 
end wall to adjust the pressure in the 
pressure space. 

A. A. THORNTON & CO.. 
Chartered Patent Agents, 
Northumberland House, 
303-306 HignHolborn, 
London. W.C.I. 
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COMPLETE SPECIFICATION 



2 SHEETS This drawing Is a reproduction of 
the Original on a reduced scale 

Sheet 2 
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Fig. 2. 
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